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論 文 内 容 要 旨 
General Abstract: 
The mechanical strength of Earth’s crust is a vital aspect in crustal dynamics in terms of 
understanding earthquake depth distribution, brittle plastic transition, isostatic equilibrium, the stability 
of mountain ranges, exhumation, crustal detachment and so on. However, the lack of direct 
measurements from the lower continental crust hinders better understanding of the mechanical strength 
of Earth’s continental lithosphere. Mostly the estimations of the mechanical strength (rheology) of the 
lower continental crust are based on the extrapolations of experimental data and microstructures in 
naturally deformed rocks from lower crustal exposures. The interpretations are mainly based on the 
rheology of major mineral constituents such as quartz and feldspar under different conditions. In general, 
the dry phases of quartz and feldspar are stronger than their wet equivalence. Hence, the anhydrous 
granulites in the Earth's lower continental crust are believed to be strong. However, the exposed 
granulite terrains show various ductile deformation structures formed during and after the high‒grade 
metamorphism. Hence, a microstructural analysis of quartz and K‒feldspar in felsic granulites were 
carried out to identify dominant deformation mechanisms during the high‒grade metamorphic evolution 
and the fabric modification due to the multiple deformation events. Felsic granulite samples were 
collected from the Highland Complex (HC) of Sri Lanka which is known to be a lower crustal exposure 
of East‒African orogeny of Gondwana.  
The HC of Sri Lanka is subjected to granulite facies metamorphism (800‒900˚C/0.8‒1.0 GPa) 
and multiple ductile deformation events. Among the multiple deformation events, the first two 
deformation events (D1 and D2) occurred during the prograde path, and they are responsible for the 
development of penetrative fabrics such as foliations (S1 and S2) and stretching lineations (L1 and L2). 
The D2 event is considered as the strongest deformation (95% shortening) event coeval with peak 
metamorphism of Sri Lanka and the L2 and S2 tectonites are the major fabric elements in the terrain. 
The D1 fabrics that formed at greenschist facies conditions (<550˚C) are preserved in garnet 
porphyroblasts and rootless folds in the terrain. The terrain has suffered multiple ductile bulking (D4 
and D5: km scale upright folding) deformation events during the retrograde path after the peak 
metamorphism making axial plane fabrics (S5: a 30‒50% shortening).  
The L2 of felsic samples mostly demarcated by highly elongated quartz ribbons (<15 mm). The 
ribbons present as monocrystalline grains without any indication of internal strain. They make large 
polycrystalline ribbons by joining together. Both polycrystalline and monocrystalline ribbons include 
matrix mineral as inclusions and mostly they are K-feldspar grains. Feldspar and minor minerals present 
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as aggregated matrices in QFG. Those inequigranular matrices of QFG samples contain high volume 
proportion of K‒feldspar, and almost all the K‒feldspar including the inclusions are in high‒temperature 
sanidine (>550˚C) composition. Both quartz and matrix minerals show preferred surface and particle 
fabric orientation distribution function with orthorhombic bulk fabric symmetry. This indicates co-axial 
strain geometry during the D2 deformation event. The Fourier transformed infrared spectroscopy 
(FTIR) analysis show low water contents even at the grain boundaries. The quartz ribbons and the K‒
feldspar in the matrix of dry QFG deformed by dislocation creep with the recovery by grain boundary 
migration (GBM) during the deformation event D2. Different lattice preferred orientations of quartz 
ribbons and isolated small quartz in the matrix indicate a transition of low temperature (<550˚C) D1 
basal<a> fabric to prism<a > by GBM during the ribbon formation (D2). Hence the final geometry of 
quartz ribbons represents the strain accommodated form both D1 and D2 deformation events. The 
crosscutting of quartz ribbons by high‒temperature garnet brake down and scapolite forming reaction 
corona indicates D2 as an event before peak metamorphism (>550‒750˚C). By this new placement of 
the D2 event introduced by this study, it would be plausible that high transient water content and the 
low stress during the D2 enabled both quartz and K‒feldspar to deform plastically. The water content 
has modified during the D2 by GBM dynamic recrystallization and after by subsequent static 
recrystallization. Plagioclase present as a reaction product of the garnet breakdown does not show any 
deformation fabric which indicates the absence of penetrative deformation at peak metamorphic 
conditions. 
The matrix K-feldspar in QFG samples are bulged into the quartz ribbons along the grain 
boundaries and fluid inclusion trails. This formed boudin‒like structures of quartz in the K-feldspar 
matrix. The intense cryptoperthite formation in K‒feldspar is due to the coherent spinodal 
decomposition during the fast cooling retrograde path (~660‒750˚C). These conditions are consistent 
with the feldspar equilibration temperatures. The subgrain boundary of K-feldspar are decorated by 
cryptoperthite lamellae array (subgrain wall). This is related to the syn‒kinematic exsolution with the 
D5. Such subgrain wall formation indicates dynamic recovery and the enhanced interdiffusion of Na/K 
and Al/Si which could promote dislocation climb in K-feldspar during D5. The formation of K-feldspar 
bulges in normal to foliation and dependence of quartz layer thickness for bulge formation indicates 
quartz boudinaging under the bulk extension during D5. Quartz boudinaging in K-feldspar matrix 
indicate competency contrast between dry quartz and dry K‒feldspar matrix with showing switched 
rheology between quartz and feldspar. The bulging is due to the phase boundary migration (PBM). 
Calculated diffusion lengths of Na and K in K-feldspar are 2‒20 times larger than the K‒feldspar grain 
size. Hence it is plausible that the PBM has occurred by the stress-controlled volume diffusion in K‒
feldspar due to the interdiffusion during D5. Plastic flow strength estimations of quartz and K-feldspar 
under the dislocation climb regime considering Na/K interdiffusion and oxygen species diffusion in 
quartz show significant weakening indicating the observed rheological switch. Therefore, the 
considerable amount of K‒feldspar (>30%) in QFG enables to maintain the low plastic flow strength of 
bulk lithology to accommodate ductile strain although the samples contain low amount of water. 
 
